Postnatal development of the cerebellum and the CNS adrenergic system is independent of norepinephrine and epinephrine.
A fundamental question in the formation of the nervous system is the extent to which a neurotransmitter contributes to the development of the neurons that synthesize and release it. A complementary question is whether neurotransmitter signaling contributes to the development of postsynaptic targets. Prior studies have suggested that adrenergic signaling may promote adrenergic neuronal proliferation or survival and may be critical for the postnatal development of the cerebellum. To test these possibilities genetically, we studied mice that are unable to synthesize norepinephrine and epinephrine (NE/E), the endogenous adrenergic receptor ligands, due to a disruption the gene for dopamine beta-hydroxylase. These mice develop postnatally in the absence of NE/E. Here we report that the adrenergic neurons of these mutant mice are present in normal numbers and locations and exhibit typical innervation patterns throughout the central nervous system (CNS), as assessed by immunostaining for tyrosine hydroxylase and the NE transporter. Furthermore, cerebellar cortical development (size, foliation, layering, cell number, and position), which proceeds to a large degree postnatally, is unaltered in the mutants. These results indicate that the fate and innervation pattern of the adrenergic neurons, as well as the development of the cerebellum, do not depend on postnatal signaling by NE/E. The results also suggest that when restoration of adrenergic signaling is performed in this mutant mouse model (by administering a synthetic precursor of NE), reversal of phenotypes is due to the synthesis and release of NE/E from adrenergic terminals that are distributed normally within the CNS.